This paper analyzes the dynamic changes of China's export specialization during the period of 1987-2011. China's exports have increased rapidly from 1.60 percent of the world market in 1987 to 10.31 percent in 2011. China's export specialization has changed from labor-intensive goods to capital-intensive goods, and especially, has moved from low technology industries to high technology industries. The regression results show that even with the de-specialization pattern evident in all countries, China's de-specialization tendency is stronger than that of advanced countries. This de-specialization can be attributed to China's intra-industry trade and the quality improvement of China's exporting goods.
Introduction
China has developed into a dynamic market-oriented economy with institutional reforms and open economy policies. The effect of the switch from a centrally planned economic framework to a market-economy was enormous. Since the liberalization of the foreign trade system at the end of 1978, China has experienced remarkable export growth; exports have increased from 39.4 billion dollars in 1987 to 1898.3 billion dollars in 2011, and the average growth rate was 17.52 percent per year from 1987 to 2011. As a result, China's export share in total world exports has grown from 1.60 percent in 1987 to 10.31 percent in 2011 1 . Industry specialization patterns have changed dynamically with its economic growth.
This paper studies the dynamic changes of China's export specialization from 1987 to 2011. We used trade data for China and 16 developed countries. China's dynamic change is compared with the changes of advanced Figure 1 shows the changes of China's world market share, which has increased from 1.86 percent in 1987 to 13 .71 percent in 2011 2 . Among the total shares, the share of comparative advantage goods increased from 1.56 percent in 1987 to 11.31 percent in 2011, and the share of comparative disadvantage goods only increased from 0.30% in 1987 to 2.39% in 2011. The export of comparative advantage goods leads the increase in China's total export. Table 1 lists China's major exporting goods in 1987 and 2011, with the export share and symmetric revealed comparative advantage index (SRCA) 3 . Table 1 reveals that all the SRCA values of top-ten commodities are positive, which means that they are comparative advantage goods. Comparing the top-ten lists of the two years shows that China's major exporting goods changed significantly over time. China's top-ten exporting goods were dominated by labor intensive goods included in SITC 6 and SITC 8 (such as apparel and textile) in 1987, but changed to capital intensive goods included in SITC 7 (such as telecommunication equipment and electric machinery) in 2011. In addition, the total export share of China's top-ten products was 40.10 percent in 1987 and 36.85 percent in 2011, showing that China's total exports are dominated by these few products.
Increase in China's Exports
The manufacturing industries are classified into high technology, medium-high technology, medium-low technology and low technology groups [8] . The data in Table 2 show each group's export share in China's total Figure 1 . Changes of China's world market share. Note: SH_CA isworld market share of China's comparative advantage goods, SH_CD is that of China's comparative disadvantage goods, and SH_TOTAL is that of China's total exports. 
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Data
This paper uses data on trade statistics published by the United Nations (UN), namely the United Nations Commodity Trade Statistics Database (UN COMTRADE) from 1987 to 2011. We selected 16 advanced countries as the reference countries to compare the changes of China's trade pattern. Throughout this study, we refer to a product as a three-digit level of SITC (Standard International Trade Classification).
Measure of Comparative Advantage
The export specialization of the industry is measured by an index of revealed comparative advantage (RCA). The RCA measures the intensity of a country's exports of an industry relative to the intensity of world exports of that industry [9] . The formula is expressed as follows: The RCA index ranges between zero and infinity (0 ≤ RCA ≤ ∞). RCA values greater than 1 indicate that a country has a comparative advantage, whereas those less than 1 reveal a comparative disadvantage. In case of RCA index, the range of comparative advantage (1 < RCA ≤ ∞) is much larger than that of comparative disadvantage (0 ≤ RCA < 1). A skewed distribution between comparative advantage and comparative disadvantage violates the assumption of normality of the error term in regression analysis. The logarithmic transformation of RCA alleviates the skewness problem [10] , but a problem remains since small RCA values are transformed to high negative ln(RCA) values.
In order to solve the asymmetric problem of RCA index, we used an SRCA index. The SRCA index is formulated as follows [11] [12] .
The SRCA index ranges from −1 to 1. SRCA values greater than zero imply that the country has a comparative advantage in industry i, whereas SRCA values less than zero mean that the country has a comparative disadvantage in industry i. Table 3 shows the changes of average SRCA for SITC one-digit level. From Table 3 , the following results can To examine the structural changes in the patterns of China's comparative advantage, we used the Spearman's rank correlations on SRCA across periods. The values of Spearman's rank correlation coefficients ranged from minus one to one. The correlation coefficient closer to minus one implies that the shift in comparative advantage is "more dynamic", whereas the correlation coefficient closer to one implies that the shift in comparative advantage is "less dynamic". Table 4 
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Change of Export Pattern: Specialization or De-Specialization
Regression Analysis
We can show the structural changes of China's export patterns by comparing the SRCA values of the two years. For the export specialization pattern, there are four possible situations: 1) unchanged pattern; 2) specialization pattern; 3) de-specialization pattern; and 4) reversed pattern. In order to test whether China tended to become more or less specialized across sectors, we use the method proposed by Cantwell [13] , which was developed from a "Galtonian" regression model presented by Hart and Prais [14] . The specialization trend is tested by the following regression equation.
( )
The superscripts 1 t and 2 t refer to the initial year and the final year, respectively. The dependent variable, SRCA at time 2 t , is tested against the independent variable, which is the SRCA of the initial year 1 t . DC is China dummy variable which is 1 for China and 0 for elsewhere. α and β are regression parameters and γ is a residual term. 1 β is the regression coefficient for all countries, and 2 β is the regression coefficient for China.
In Equation (3), 1 1 β = corresponds to an unchanged pattern from 1 t to 2 t , which means that the SRCA of the final year is the same as that of the initial year. If 1 1 β > , the absolute value of the initial SRCA becomes larger at the final year. That is, the SRCAs of the final year move away from zero, which implies that the pattern of specialization is strengthened. Thus 1 1 β > can be termed β-specialization. Similarly, when cates that China's coefficient is larger than that of the other countries, whereas a negative β 2 value implies that China's specialization is slower than that of the other countries. The data include China and the following 16 advanced countries: Australia, Austria, Canada, Denmark, Finland, France, Germany, Italy, Japan, Netherlands, New Zealand, Norway, Sweden, Switzerland, United Kingdom, and USA. As a time interval, we selected 1 year, 8 years, and 24 years. The regression was done by selecting the SRCAs of the two years, and we used panel regression analysis that considers the fixed effect for the period. Table 5 shows the regression results for short-term (1-year interval), mid-term (8-year interval), and longterm (24-year interval). The β 1 value smaller than 1 reveals changes in the export pattern: β 1 is 0.976 in shortterm, 0.887 in mid-term, and 0.742 in long-term. The estimated values of β 1 range from 0 to 1, which represents de-specialization. The magnitude of β 1 becomes smaller decreases as the time interval of the two years becomes longer, which implies that trade specialization changes much more in the long run.
All the β 2 coefficients in Table 5 are negative and statistically significant. Note that (β 1 + β 2 ) denotes the changes of trade specialization for China, while β 1 denotes the changes of trade specialization for the advanced countries. Thus, the negative value of β 2 tells indicates that China's trade patterns change faster than the advanced countries. The absolute value of β 2 in the long-term is much larger than that in the short-term, which further implies that China's trade pattern has changed more rapidly than those of the advanced countries.
Standard Deviation Analysis
There is another test for checking the degree of specialization changes. If the dispersion of a country's SRCA distribution increases, it means that the degree of specialization increases. We term this σ-specialization. A decreasing dispersion means that the degree of specialization decreases. We term this σ-de-specialization. Thus, the standard deviation (σ) of SRCAs measures whether the level of specialization has increased or decreased between the two periods. The specialization increases if σ increases, but decreases if σ decreases 4 . We calculated the standard deviation (σ) of SRCAs for each year. Figure 2 shows the changes of σ for China and the advanced countries. The value of σ decreases both in China and in advanced countries, which indicates that a de-specialization pattern prevails in all countries. However, China's σ decreases more rapidly than that of the advanced countries, which indicates that the de-specialization tendency is stronger in China than in the advanced countries. These σ analysis results are similar to the regression analysis results, in that China's specialization has changed faster than that of the advanced countries.
In addition, the magnitudes of China's σ are larger than those of the advanced countries in all years, and China's σ converges to that of the advanced countries. This implies that China's export pattern has become similar to that of the advanced countries over time, even if China's exports are more specialized than those of advanced countries.
Why China Has Moved to De-Specialization
De-specialization usually arises when intra-industry trade is becoming increasingly important in the economy, and is often observed for trading partners at an advanced stage of development [12] . Since intra-industry trade is the simultaneous imports and exports of goods in the same industry, an increase in intra-industry trade means that specialization in a certain industry has decreased. In empirical studies, the level of intra-industry trade (IIT) in an industry is usually quantified by the GrubelLloyd index, which is defined as:
where IIT , i X and i M stands stand for the intra-industry trade index, exports and imports in industry i, respectively. The index ranges from 0 to 100, where 0 indicates complete inter-industry trade and 100 implies complete intra-industry trade.
Intra-industry trade tends to be prevalent between countries that are similar in their capital-labor ratios and skill levels, i.e., between countries at a similar level of economic development. And intra-industry trade is also more prevalent in trade of manufactured goods than in that of raw materials or agricultural goods. Therefore, intra-industry trade is most likely to happen in trade of manufactured goods among advanced countries.
China's production technology has increased sharply over the last few years. Additionally, the increasing income level has expanded its preference on product diversity. This implies that China's intra-industry has increased gradually. Figure 3 shows the increase in China's intra-industry trade. China's IIT levels of all industries exhibit an upward trend, increasing from 36.6 percent in 1987 to 40.6 percent in 2011. Especially, the IIT of manufacturing goods has increased from 40.1 percent in 1987 to 47.2 percent in 2011, while that of primary goods has decreased from 30.2 to 29.8 percent. These results illustrate that the manufactured products play an important role in the increase of China's IIT levels. In 2011, China's IIT in manufactured products was 47.2 percent, which was significantly higher than that in primary products (29.8 percent).
The increase in intra-industry trade indicates that China's export patterns converge to those of the advanced countries, i.e., China's export specialization moves to de-specialization. The increase in China's IIT is due to the quality improvement of China's exporting goods.
We measured the quality change of China's exporting goods with the export similarity index, which measures the similarity of exporting goods between China and the advanced countries. Export similarity index (ESI) is defined as follows [16] .
where i is industry, and j and k denote countries. The value of ESI lies between 0 and 1, with a higher value indicating a higher similarity of export goods of the two countries. Figure 4 shows the changes of average ESI value between China and the advanced countries from 1987 to 2011. ESI has increased over time, which implies that China's exporting goods have become similar to those of advanced countries. The increasingly similar trade patterns between China and advanced countries reveal the improved quality of China's exporting goods [17] . As China's exporting goods converge to those of the advanced countries, China's trade pattern moves to de-specialization.
Concluding Remarks
This paper has analyzed the dynamic changes of China's export specialization by using trade data during the period of 1987-2011. The following conclusions have been established.
First, China's trade structure underwent a dramatic transformation in the analyzed period. China's world market share increased from 1.60% in 1987 to 10.31% in 2011. Second, there were significant shifts in comparative advantage patterns from 1987 to 2011: China's export specialization industries moved from low technology to high technology industries. Third, the regression results show that structural changes in China's comparative advantage pattern were dynamic in 1987-2011: China's export pattern reveals a de-specialization trend and this trend is faster than that of the advanced countries. Finally, intra-industry trade has increased and the quality of China's exporting goods has improved over time. These two things led China's trade pattern to de-specialization.
